We find in a model system of thermotropic liquid crystals that the translational diffusion coefficient parallel to the director D first increases and then decreases as temperature drops through the nematic phase, and this reversal occurs where the smectic order parameter of the underlying inherent structures becomes significant for the first time. We argue, based on an energy landscape analysis, that the coupling between orientational and translational order can play a role in inducing the non-monotonic temperature behavior of D . Such a view is likely to form the foundation of a theoretical framework to explain the anisotropic translation diffusion.
extensively discussed in the context of the nematic-smectic-A (NA) phase transition over three decades [1, 6, 7, 8, 9, 10, 11, 12, 13] . The de Gennes-McMillan (dGM) coupling, which refers to the occurrence of the smectic (one-dimensional translational) ordering being intrinsically coupled with increase in the nematic (orientational) ordering [1, 6, 7] , could drive, within a mean field approximation, an otherwise continuous NA transition first order for a narrow nematic range [6] . Halperin, Lubensky, and Ma later invoked the coupling between the smectic order parameter and the transverse director fluctuations in their theoretical treatment that predicted NA transition to be at least weakly first order [8] .
Intuitively, D appears to be well placed to capture the dynamical signature of the coupling between orientational and translational order. Therefore, we here investigate anisotropic translational diffusion in a model system of thermotropic liquid crystals. The observed diffusion behavior of the system is correlated with the features of its underlying potential energy landscape [14] . In this Letter, we show that the coupling between orientational and translational order can lead to the non-monotonic temperature behavior of D being reported here.
We have investigated a system of 256 ellipsoids of revolution along two isochors at a series of temperatures. We have used the well-established Gay-Berne (GB) pair potential is the energy anisotropy parameter defined by the ratio of the depth of the minimum of the potential for a pair of molecules aligned parallel in a side-by-side configuration to that in an end-to-end configuration while µ and ν are two adjustable exponents that also control the anisotropy in the well depth [17] . We have employed the original and most studied parameterization: κ = 3, κ ′ = 5, µ = 2, ν = 1 [15, 17] . The isochors have been so chosen that the range of the nematic phase along these varies considerably. 19] . Here the subscripts refer to the Cartesian components, resolved in a system of axes based on the director defined at each time origin. For the finite size of the system, the average orientational order parameter S has a nonzero value even in the isotropic phase [20] . This allows us to compute D and D ⊥ also in the isotropic phase.
It is evident from In the landscape formalism, the potential energy surface is partitioned into a large number of "basins", each defined as the set of points in the multidimensional configuration space such that a local minimization of the potential energy maps each of these points to the same local minimum [14] . The inherent structure corresponds to the minimum configuration [25]. As a result of this partitioning of the configuration space, the time dependent position r i (t) of a particle i can be resolved into two components: r i (t) = R i (t) + S i (t), where R i (t) is the spatial position of the particle i in the inherent structure for the basin inhabited at time t, and S i (t) is the intrabasin displacement away from that inherent structure [26] . That the replacement of the real positions r i (t) by the corresponding inherent structure positions in the Einstein relations yields an equivalent diffusion description, as has been theoretically argued and also verified in simulations [26, 27] , is the key to our analysis presented here. The interplay between the orientational order and translational order, shown in Fig. 3, is reminiscent of the dGM coupling which was originally conceived to be present near the nematic-smectic phase boundary in the parent system. System size in the present study has been optimal given that the landscape studies have often been restricted to a smaller system size while long wavelength fluctuations in the vicinity of a phase transition suggest a bigger one to be undertaken. The system size we have chosen here is, however, large enough so that the system tracks the phase diagram reported earlier [17] . Nevertheless, in order to check possible system size effects on our results, we have further considered systems with 500 ellipsoids of revolution along the isochor at density ρ = 0.32. No qualitative change in the results has been observed (data not shown).
We have further studied effects of varying the aspect ratio κ and the energy anisotropy parameter κ ′ separately to explore the robustness of our results and analysis. In particular,
we have considered the aspect ratio κ = 3.8 along the isochor at ρ = 0.235, for which a stable smectic-A phase appears between a wide nematic and low-temperature smectic-B phase. The temperature behavior of D in the nematic phase has been found to be qualitatively similar to what has been observed with the aspect ratio κ = 3, for which the smectic-A phase appears only in the underlying inherent structure [29] . It is particularly interesting to consider a case where the smectic phase is absent and contrast the behavior.
To this end, we have considered κ ′ = 1, for which no smectic phase appears even at low temperatures and the underlying inherent structures for the nematic phase also do not have on the average any translational order [29] . In this case, we find that the signature of the non-monotonic behavior in the temperature dependence of D is rather weaker and is even missing in the scaled data (data not shown) -the dynamical models considered here also provide a better description of the anisotropic translational diffusion data. This further substantiates the importance of the coupling between orientational and translational order in the anisotropic translation diffusion in the nematic phase.
In summary, the present work throws light on the plausible role of the coupling between orientational and translational order in inducing a non-monotonic temperature behavior of D in the nematic phase. While the competition between the alignment and thermal effects can also give rise to a non-monotonic behavior, the importance of such coupling cannot be ignored particularly when a low-temperature smectic phase exists. A comparison of the simulated D data with those predicted by two well-known theoretical models shows the inadequacy of these models to capture the observed non-monotonic temperature dependence of D . The energy landscape analysis presented here suggests the necessity of a theoretical treatment that includes the coupling between orientational and translational order, which has an augmented manifestation in the underlying energy landscape. Such a suggestion is likely to form the foundation of a theoretical framework to explain the features anisotropic translational diffusion.
We thank C. Dasgupta [30] The smectic order parameter is defined as the magnitude of the Fourier component of the normalized density along the director, ψ = 1 N | N j=1 exp(ik z z j )|, where N is the number of particles in the system, k z = 2π/d, being the periodicity of the smectic layers, and z j is the z-coordinate of the center of mass of the jth ellipsoid of revolution, the z-axis being taken to be along the director, and thus normal to the smectic layers.
